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(57) ABSTRACT 

A control device for an internal combustion engine has a 
device for generating control commands for controlling final 
control elements in accordance with at least one measured 
value. The control device also has a communications inter- 
face for exchanging messages with a control unit for final 
control elements. A counter is also provided, the status of the 
counter being dependent on pulses of a measuring signal of 
an incremental crankshaft angle sensor. The control com- 
mands contain desired counter statuses for carrying out the 
control task. A control unit also has a counter whose counter 
status depends on the pulses of the measuring signal of the 
incremental crankshaft angle sensor. Also provided is a 
device for carrying out the control tasks in accordance with 
the counter status and the desired counter status. 

13 Claims, 3 Drawing Slieets 
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CONTROL DEVICE FOR FINAL CONTROL combustion engine, a conlrol unit for actuator drives of an 

ELEMENTS OF AN INTERNAL internal combustion engine, and a method for controlling an 

COMBUSTION ENGINE, CONTROL UNIT internal combustion engine that overcomes the hereinafore- 

FOR ACTUATOR DRIVES OF AN INTERNAL mentioned disadvantages of the heretofore-known devices 

COMBUSTION ENGINE AND A METHOD 5 and methods of this general type and that ensures easy 

FOR CONTROLLING AN INTERNAL operation of the internal combustion engine in different 

COMBUSTION ENGINE operating modes with unchanged control commands. 

With the foregoing and other objects in view, there is 

CROSS-REFERENCE TO RELATED provided, in accordance with the invention, a control device 

APPLICATION 10 control elements of an internal combustion engine 

having sensors sensing at least one measured variable, an 

Hiis application is a continuation of copending Interna- incremental crankshaft angle sensor having an increment 

tional implication No. PCT/DE0OA)4242, filed Nov. 28, number and supplying a measurement signal having pulses, 

2000, which designated the United States and was not final control elements, actuator drives connected to the final 

published in English. control elements, and a conlrol unit having a synchronizer 

for synchronizing counters and a control unit counter with a 

BACKGROUND OF THE INVENTION counter reading, the control unit at least in part driving the 

Field of the Invention control elements with the actuator drives, the control 

« . ^. , * . . t J • r c 1 .1 device including a control command generator connected to 

The mvention relates to a control device for final control , , , . , , i,. .Jf , . 

, . i. . . « . . . . o ine actuator drives and controlling the actuator dnves as a 

elementsof an mternal combustion engme, a control umt for 20 ^ . f»u ♦! ♦ ^ • ui .u 

^ ^ . . X. . . , . * . . function of the at least one measured variable, the generator 

actuator dnves of an mternal combustion engme, and a , , a -.u * * * a- 

, r .11- 1 i_ . • generating control commands with setpomt counter readmgs 

method for controlung an internal combustion engine. ? 7- ^ » i rfu • 

* ^ for execution of control functions of the engine, a commu- 

Prior art control devices for final control elements of nications interface for exchanging messages with the control 
inlernal combustion engines generate, inter alia, control unit, the interface connecting the control command genera- 
signals for controUmg final control elements and control 25 ^r to the control unit, a revolving counter independent of the 
commands for actuating acUiator drives, the control signals control unit counter and having a counter reading dependent 
and control commands for controlling final control elements upon parameters including the pulses of the measurement 
being dependent on at least one measured variable such as signal of the crankshaft angle sensor and independent from 
an accelerator pedal value or the rotational speed. the increment number of the crankshaft angle sensor during 

Jht final control elements can be driven by actuator a working cycle of the engine, the counter reading of the 
drives. For the actuator drives, to a certain extent control revolving counter and the counter reading of the control unit 
units are provided that generate actuating signals for the counter synchronized through the synchronizer of the con- 
actuator drives of the internal combustion engine as a trol unit, and the counter reading of the conlrol unit counter 
function of the control commands of the control device. being dependent upon the parameters. 
Both the control device and the conUrol unit have one The invention is characterized by the fact that the internal 
communications interface each, to which a bus, for example, combustion engine can be operated in different operating 
the CAN bus, can be connected. The control device can then modes, such as two stroke, four sU^oke, six su^oke, or eight 
transmit the control commands through the interface and the stroke, without the conlrol commands having to be changed, 
bus to the control unit that then carries out the corresponding ^ accordance with another feauire of the invention, the 
control functions. Such control commands may, for revolving counter is a dual counter with a predefined bit 
example, include the crankshaft angle at which charge cycle length. 

valves are to be opened or dosed. ,^ accordance with a further feature of the invention, the 

U.S. Pat. No. 5,201,296 to Wunning et al. discloses an counter reading of the revolving counter interpolates 

inlernal combustion engine in which the valves and injection 45 between the pulses of the measurement signal, 

processes are controlled as a function of a signal of a In accordance with an added feature of the invention, the 

crankshaft angle sensor such that control processes are final control elements are gas exchange valves, 

triggered as a function of the position of the crankshaft. ^-^^ objects of the invention in view, there is also 

The prior art includes transmitting the control commands provided a control unit for actuator drives of an intemal 

segment-synchronously onto the bus. A segmenl is defined 50 combustion engine having a control device generating C9n- 

by the distance between two successive dead center points of trol commands for controlling the actuator drives, the con- 

the pistons of two cylinders that directly follow one another trol commands containing setpoint counter readings for 

in the ignition sequence. Here, the control command con- execution of engine control functions, a communications 

tains setpoint crankshaft angles that are each related to the interface for exchanging data with the control device, an 

top dead center during the ignition of the respective cylinder. 55 incremental crankshaft angle sensor having an increment 

The control commands arc, therefore, always related to the number and generating a measurement signal having pulses, 

respective crankshaft angles. Such a relationship has the and a counter with a first counter reading, the control unit 

disadvantage that the reference base for the crankdiaft angle including a revolving counter independent from the counter 

of each cyhnder is different and depends on the number of and having a second counter reading dependent upon param- 

clock cycles of the working cycle. In addition, control 60 elers including the pulses of the measurement signal and 

commands can also be transmitted only for the time horizon independent of the increment number of the crankshaft angle 

of a working cycle because, beyond it, the crankshaft angle sensor during a working cycle of the engine, a controller 

is no longer unambiguous. executing the engine control functions as a function of the 

SUMMARY OF THE INVENTION "'^ '^^'^'^f: 

65 synchronizer for synchronizing the second counter reading 

It is accordingly an object of the invention to provide a and the first counter reading, and the first counter reading 

control device for final control elements of an internal being dependent upon the parameters. 
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In accordance with an additional feature of the invention, preferably embodied as a gear wheel. The gear wheel has, 

the second counter reading interpolates between the pulses for example, sixty teeth that, with the exception of a defined 

of the measurement signal. gap, are equal distances apart or whose rising or falling 

In accordance with yet another feature of the invention, ^^g^^ are equal distances apart, 

the actuator drives are drives for charge cycle valves. 5 In addition, the crankshaft angle sensor has a measuring 

With the objects of the invention in view, there is also pickup 6 that is preferably embodied as a HaU element and 

provided a method for controUing an internal combustion ^ permancnUy disposed in the crank casing of the internal 

engine having actuator drives, including the steps of gener- combustion engine. The measuring pickup 6 generates a 

ating control commands for controlling the actuator drives pulse-shaped measurement signal MS when the crankshaft 4 

as a function of at least one measured variable in a control ^° rotates. At a constant rotational speed, the measurement 

device, the control commands containing setpoint counter ^^S^^^ ^ constant period length of the pulses with the 

readings for an execution of engine control functions, trans- exception of a relatively long period length due to the gap in 

mitting the control commands to a control unit for the the gear wheel or also a uniform mark-to-space ratio with the 

actuator drives, changing a counter reading of a first counter exception of a relatively long space per revolution, due to 

as a function of pulses of a measurement signal from an the gap in the gear wheel. The relatively long gap or 

incremental crankshaft angle sensor having an increment relatively long period length serves as a synchronizing 

number, the first counter being a revolving counter with a signal SYNC. 

maximum counter reading independent of the increment A control device 9 for final control elements is provided 

number of the crankshaft angle sensor during a working ^r controlling operating functions of the internal combus- 

cycle of the engine, and executing, in the control unit, the 2° tio" engine. Sensors that pick up various measured variables 

engine control functions predefined by the control com- and that each determine the measured value of the measured 

mands as a function of the counter reading of the firet variable are associated with the control device 9. The control 

counter, the setpoint counter readings, and a counter reading device 9 determines, as a function of at least one measured 

of a second counter independent of the first counter. variable, one or more control signals that each control an 

Other feanires that are considered as characteristic for the actuator or else control commands for a control unit 12, 

invention are set forth in the appended claims. The sensors include, for example, a pedal position sensor, 

Although the invention is illustrated and described herein ^ ^^^^^ P°^^l^°" '^^^ "^^^^'^ ^ 

as embodied in a control device for final control elements of temperature sensor, the crankshaft angle sensor, or ftirther 

an internal combustion engine, control unit for actuator sensors. 

drives of an internal combustion engine, and a method for Furthermore, the control device 9 has final control de- 
controlling an internal combusrion engine, it is, ments. The final control elements each form, together with 
nevertheless, not intended to be limited to the details shown actuator drive, an actuator. The actuator drives include, 
because various modifications and structural changes may example, an electromotive drive, an electromagnetic 
be made therein without departing from the spirit of the „ ^"^e, or a further conventional drive. The final control 
invention and within the scope and range of equivalents of elements are embodied, for example, as a throttle valve, as 
the claims. an injection valve 10, or as a spark plug 11. 

The construction and method of operation of the The control device 9 is connected to the measuring pickup 

invention, however, together with additional objects and ^ through a signal line 8. In addition, it is connected to a 

advantages thereof, will be best understood from the fol- 40 control urjit 12 through a bus 14 that is preferably embodied 

lowing description of specific embodiments when read in * ^tis. For the connection of the bus, respective 

connection with the accompanying drawings. communication interfaces are provided in the control device 

9 and the control unit 12. However, the communications 

BRIEF DESCRIPTION OF THE DRAWINGS interfaces may also be embodied, for example, as transmitter 

HG. 1 is a diagrammatic and block circuit diagram of an 45 f "^^/or receiver devices for the wireless transmission of 

internal combustion engine with a control device and a information. 

control unit according to the invention; The control unit 12 determines and generates actuating 

HG. 2 is a flowchart for determining a first counter ^^^"^^ actuating electromechanical actuator drives 13 

reading according to the invention; charge cycle valves of the internal combustion engine. 

FIG. 3 is a flowchart for determining a second counter 50 V"^ ^/^'^^ "T^ communicates with the control device 9 

reading according to the invention; ^ ^ ^""^ J^^ ^ generates control 

iTir- A- fl u-4f *u 4 • commands re latmg, for example, to the start of openmg and 

FIG. 4 IS a flowchart of a program that is executed m the ^ enin of the char c c cle valves 

control unit for the evaluation of the control commands ^ opening o e c arge eye e va ves. 

according to the invention; and ^^titrol unit is also connected to the measuring pickup 

FIG. 5 is a flowchart of a further program that is executed 55 ^ ^5°^^ signal line 8. ... 

in the control unit for the execution of a control command ^ ^ojchm of a program for determming the 

according to the invention. ^^^^^^ °^ ^ ^^^^ "^^^^^ 

device 9. 

DESCRIPTION OF THE PREFERRED in a step SI. the program is started. 

EMBODIMENTS ^ g^^p it is checked whether or not the measuring 

Referring now to the figures of the drawings in detail and signal MS has a rising edge. If such is not the case, the 

first, particularly to FIG, 1 thereof, there is shown an internal condition of the step S2 is checked again, if appropriate after 

combustion engine having a cylinder 1 in which a piston 2 a predefined delay. If the condition of the step S2 is, 

is movably disposed. The piston 2 is coupled to a crankshaft however, fulfilled, the first counter Zl is incremented by the 

4 through a connecting rod 3. 55 value one. 

A crankshaft angle sensor is provided that includes an The first counter is preferably initialized (for example, to 

angle sensor 5 disposed on the crankshaft 4 and that is zero) in the step SI. The first counter Zl is preferably a dual 
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counter with, for example, ten bits. Thus, the counter reading 
of the first counter unambiguously defines the respective 
crankshaft angle for more than seventeen revolutions of the 
crankshaft. The counter then overflows and starts to run 
again from its zero value. Thus, an overflow of the counter 5 
takes place after more than 17 revolutions of the crankshaft. 
Interpolating the counter value between two successive 
edges of the measurement signal can increase the precision 
of the resolution of the crankshaft angle further. For such a 
purpose, for example, a fine counter may be provided that is lO 
preferably a dual counter with, for example, six bits. 

FIG. 3 illustrates a corre^onding flowchart of the pro- 
gram that is processed in the control imit 12. 

The program is started in a step Sla, in which a second 
counter 72 is preferably initialized. The initialization pref- 
erably takes place directly after the reception of the syn- 
chronizing signal that is characterized by the lengthened 
space in the pulse signal of the measurement signal MS that 
is brought about by the gap on the gear wheel of the 
measured value sensor. The initialization of the first counter 
Zl also preferably takes place in step SI in the control 
device directly after the reception of the synchronizing 
signal. Such a process has the advantage that the counters 
Zl, Z2 of the control device 9 and of the control unit 12 are 
synchronized. 

In a step S2a, it is checked whether or not the measure- 
ment signal MS has a rising edge. If it does not have a rising 
edge, the condition of the step 2a is checked again, if 
appropriate after a predefined waiting time. However, if it 
has a rising edge, in a step S3a, the second counter Z2 is 
increased by the value 1. 

The statements relating to the first counter Zl apply 
accordingly to the second counter Z2. In the steps 32 in FIG. 
2 and S2a in FIG. 3, it is possible also, as an ahemative, to 
check whether or not the measurement signal MS has a 
falling edge. It is advantageous if the first and second 
counters Zl, Z2 have the same bit length or at least if the 
control device 9 and/or the control unit 12 know the respec- 
tive bit length of the first and second counters Zl, Z2. 

The control device 9 generates control commands for 
controlling the final control elements, embodied as charge 
cycle valves, as function of at least one measured variable, 
such as the rotational speed, the accelerator pedal value of 
a pedal value sensor, or further measured variables. The 
control commands may be, for example, the command for 
opening one or more charge cycle valves associated with a 
cylinder or for closing such valves. The control commands 
respectively include a setpoint counter reading that the 
second counter 22 is to assume in the control unit if the 
control function associated with the control command is to 
be executed. The control function may be, for example, the 
opening or closing or the excitation of a charge cycle valve. 
Electromechanical actuator drives 13 for controlling the 
charge cycle valves are preferably associated with the con- 
Uol unit 12. 

FIG. 4 illustrates a program that is preferably carried out 
cyclically or also as an interrupt procedure in the control unit 
12. The program is started in a step S8. 

In a step S9, it is checked whether or not a control 
command has been received from the control device 9 
through the communications interface of the conU'ol unit 12. 
If the command has not been received, the program is 
stopped in a step Sll. However, if the control command has 
been received, the control command is processed into a step 65 
S 12. In an action table AT, the setpoint counter reading that 
has been transferred with the control command and the 



associated action, for example, valve-opening or valve- 
closing, are stored io the action table. In a step Sll, the 
program is then stopped. The program is then preferably 
either called again after the occurrence of the event "receive 
control command" or after a predefined waiting time. 

A further program that is represented in FIG. 5 is pref- 
erably processed cyclically or else as an interrupt procedure 
in the control unit 12. The program is started in a step S15. 

In a step S16, it is checked whether or not the action table 
AT contains an entry with a setpoint counter reading that 
corresponds to the current counter reading of the second 
counter Z2. 

If the entry is not present, the processing is continued in 
a step S18. However, if the entry is present, the correspond- 
ing control command is read out from the action table in a 
step S17 and executed. 

The processing is then continued in the step S18 in which 
it is checked whether or not the counter reading has changed 
since the execution of the step SI 6. If the reading has not 
changed, the program is stopped. Otherwise the processing 
is continued in the step S16. 

The control commands that are provided for actuating the 
final control elements of the various cylinders can all be 
stored in the common action table AT because the counter 
readings are independent of a reference to the respective top 
dead center during ignition or some other cylinder-specific 
reference point. For such a reason, it is also possible easily 
to implement a two, four, six, or eight stroke operating mode 
of the internal combustion engine without adaptations to the 
control commands and of the interfaces of the control device 
and of the control unit being necessary. 

The transmission of the control commands from the 
control device 9 to the control unit 12 can, in principle, take 
place at any time taking into account the computing time 
necessary for processing. By the revolving first and second 
counter, a reference is made that is available both in the 
control device 9 and in the control unit 12. 

Further advantages are that the control commands do not 
need to be modified for use in different engine 
40 configurations, for example, different cylinder numbers. Due 
to the process according to the invention, optimum trans- 
mission time point or transmission the control device 12 can 
define crankshaft angles for the control commands. They do 
not need to be defined for maximum rotational speed for 
45 which calculation and actuating times are sufficient. 

It is particularly advantageous if the values of the first and 
second counter Zl, Z2 are stored in the control device 9 and 
in the control unit 12 whenever the synchronizing signal is 
received and, then, either the control device 9 or the control 
50 unit 12 transmits its own counter reading to the other, that is 
to say, the control unit 12 or the control device 9 that can 
then synchronize itself with the respective other counter 
reading. Such a configuration ensures a common counter 
base. 

We claim: 

1. A control device for final control elements of an internal 
combustion engine having sensors sensing at least one 
measured variable, an incremental crankshaft angle sensor 
having an increment number and supplying a measurement 
signal having pulses, final control elements, actuator drives 
connected to the final control elements, and a control unit 
having a synchronizer for synchronizing counters and a 
control unit counter with a counter reading, the control unit 
at least in part driving the final control elements with the 
actuator drives, the control device comprising: 
a control command generator connected to the actuator 
drives and controlling the actuator drives as a function 
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of the at least one measured variable, said generator 
geoeratiog coDtrol commands with setpoint counter 
readings for execution of control functions of the 

engine; 

a communications interface for exchanging messages 
with the control unit, said interface connecting said 
conU'ol command generator to the conU'ol unit; 
a revolving counter independent of the control unit 
counter and having a counter reading: 
dependent upon parameters including the pulses of the 
measurement signal of the crankshaft angle sensor; 
and 

independent from the increment number of the crank- 
shaft angle sensor during a working cycle of the 
engine; 

said counter reading of said revolving counter and the 
counter reading of the control unit counter synchro- 
nized through the synchronizer of the control unit; 
and 

the counter reading of the control unit coimter being 
dependent upon said parameters. 

2. The control device according to claim 1, wherein said 
revolving counter is a dual counter with a predefined bit 
length. 

3. The control device according to claim 1, wherein said 
counter reading of said revolving counter interpolates 
between the pulses of the measurement signal. 

4. The control device according to claim 1, wherein the 
final control elements are gas exchange valves. 

5. A control device for final control elements of an internal 
combustion engine having sensors sensing at least one 
measured variable, an incremental crankshaft angle sensor 
having an increment number and supplying a measurement 
signal having pulses, final control elements, actuator drives 
connected to the final control elements, and a control unit 
having a synchronizer for synchronizing counters and a 
control unit counter with a counter reading, the control unit 
at least in part driving the final oonUrol elements with the 
actuator drives, the control device comprising: 

a means for generating control commands connected to 
the acmator drives and controlling the actuator drives 
as a function of the at least one measured variable, said 
control command generating means generating control 
commands with setpoint counter readings for execution 
of control functions of the engine; 

a communications interface for exchanging messages 
with the control unit, said interface connecting said 
control command generating means to the control unit; 

a revolving counter independent of the control imit so 
counter and having a coimter reading: 
dependent upon parameters including the pulses of the 
measurement signal of the crankshaft angle sensor; 
and 

independent from the increment number of the crank- ss 
shaft angle sensor during a working cycle of the 
engine; 

said counter reading of said revolving coimter and the 
counter reading of the control unit counter synchro- 
nized through the synchronizer of the control unit; 60 
and 

the counter reading of the control unit counter being 
dependent upon said parameters. 

6. In an internal combustion engine having sensors sens- 
ing at least one measured variable, an incremental crankshaft 65 
angle sensor having an increment number and supplying a 
measurement signal having pulses, final control elements. 



10 



15 



20 



25 



30 



35 



40 



45 



actuator drives connected to the final control elements, and 
a control unit having a synchronizer for synchronizing 
counters and a control unit counter with a counter reading, 
the control unit at least in part driving the final control 
elements with the actuator drives, a control device for the 
final control elements comprising: 
a control command generator connected to the actuator 
drives and controlling the actuator drives as a function 
of the at least one measured variable, said generator 
generating control commands with setpoint counter 
readings for execution of control functions of the 
engine; 

a communications interface for exchanging messages 
with the control unit, said interface connecting said 
control command generator to the control unit; 
a revolving counter independent of the control unit 
counter and having a counter reading: 
dependent upon parameters including the pulses of the 
measurement signal of the crankshaft angle sensor; 
and 

independent from the increment number of the crank- 
shaft angle sensor during a working cycle of the 
engine; 

said counter reading of said revolving counter and the 
counter reading of the control unit counter synchro- 
nized through the synchronizer of the control unit; 
and 

the counter reading of the control unit counter being 
dependent upon said parameters. 

7. A control unit for actuator drives of an internal com- 
bustion engine having a control device generating control 
commands for controlling the actuator drives, the control 
commands containing setpoint counter readings for execu- 
tion of engine control functions, a communications interface 
for exchanging data with the control device, an incremental 
crankshaft angle sensor having an increment number and 
generating a measurement signal having pulses, and a 
counter with a first counter reading, the control unit com- 
prising: 

a revolving counter independent from the counter and 
having a second counter reading: 
dependent upon parameters including the pulses of the 

measurement signal; and 
independent of the increment number of the crankshaft 

angle sensor during a working cycle of the engine; 
a controller executing the engine control functions as a 

function of said second counter reading and the 

setpoint counter readings; 
a synchronizer for synchronizing said second counter 

reading and the first counter reading; and 
the first counter reading being dependent upon said 

parameters. 

8. The control unit according to claim 7, wherein said 
revolving counter is a dual counter with a predefined bit 
length. 

9. The control unit according to claim 7, wherein said 
second counter reading interpolates between the pulses of 
the measurement signal. 

10. The control unit according to claim 7, wherein the 
actuator drives are drives for charge cycle valves. 

11. A control unit for actuator drives of an internal 
combustion engine having a control device ^generating con- 
trol commands for controlling the actuator drives, the con- 
trol commands containing setpoint counter readings for 
execution of engine control functions, a communications 
interface for exchanging data with the control device, an 
incremental crankshaft angle sensor having an increment 
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□umber and generating a measurement signal having pulses, 
and a counter with a first counter reading, the control unit 
comprising: 

a revolving counter independent from the counter and 
having a second counter reading: 
dependent upon parameters including the pulses of the 

measurement signal; and 
independent of the increment number of the crankshaft 

angle sensor during a working cycle of the engine; 
means for executing the engine control functions as a 

function of said second cotmter reading and the 

setpoint coimter reading3; 
means for synchronizing said second counter reading 

and the first counter reading; and 
the first counter reading being dependent upon said 

parameters. 

12. In an internal combustion engine having actuator 
drives, a control device generating control commands for 
controlling the actuator drives, the control commands con- 
taining setpoint counter readings for execution of engine 20 
control functions, a communications interface for exchang- 
ing data with the control device, an incremental crankshaft 
angle sensor having an increment number and generating a 
measurement signal having pulses, and a counter with a first 
counter reading, a control unit for the actuator drives com- 
prising: 

a revolving counter independent from the counter and 
having a second counter reading: 
dependent upon parameters including the pulses of the 

measurement signal; and 
independent of the increment number of the crankshaft 

angle sensor during a working cycle of the engine; 
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a controller executing the engine control functions as a 

function of said second counter reading and the 

setpoint counter readings; 
a synchronizer for synchronizing said second counter 

reading and the first coimter reading; and 
the first counter reading being dependent upon said 

parameters. 

13. A method for controlling an internal combustion 
engine having actuator drives, which comprises: 

generating control commands for controlling the actuator 
drives as a function of at least one measured variable in 
a control device, the control commands containing 
setpoint counter reading? for an execution of engine 
control functions; 

transmitting the control commands to a control unit for 
the actuator drives; 

changing a counter reading of a first counter as a function 
of pulses of a measurement signal from an incremental 
crankshaft angle sensor having an increment number, 
the first counter being a revolving counter with a 
maximum counter reading independent of the incre- 
ment number of the crankshaft angle sensor during a 
working cycle of the engine; and 

executing, in the control unit, the engine control functions 
predefined by the control commands as a function of: 
the counter reading of the first counter; 
the setpoint counter readings; and 
a counter reading of a second counter independent of 
the first counter. 
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